Non-Technical Summary
Over the past two decades fiscal decentralization has become an area of increased interest for both policymakers and academics. The idea of devolving authority and decision-making power to lower tiers of government has been put into practice on both sides of the Atlantic; in Europe it is explicit in the Maastricht Treaty and is referred to as the "principle of subsidiarity", whereas in the U.S. there has been a long standing implicit aversion to the one-size-fits-all approach of highly centralized governments (Oates (1999) ).
It is, however, important to distinguish between the devolution of powers to tax and the devolution of powers to spend. The move towards decentralization has not been homogeneously implemented on the revenue and expenditure side: it has materialized more substantially on the latter than on the former (see Dziobek et al. (2011) ), creating "vertical fiscal imbalances". These vertical fiscal imbalances attempt to measure the extent to which sub-national governments' own expenditures are financed through their own revenues including the incurrence of subnational debt liabilities.
There are several channels through which vertical fiscal imbalances can impact fiscal performance, many of which act through increased deficit and its subsequent impact on government debt. The mismatch between revenue and expenditure decentralization is nonetheless not necessarily bad, as some degree of imbalance is in fact inevitable.
Using a globally representative panel of countries based on the IMF's Government Finance Statistics Yearbook, this paper builds a comprehensive and unique database on vertical fiscal imbalances to examine the relationship between the accumulation of general government debt and vertical fiscal imbalances for a larger sample of countries than has been used in past empirical work. Past research into fiscal performance and vertical fiscal imbalances has found evidence that greater imbalances are likely to produce negative effects for government deficits for a sample of OECD countries. We build on these findings using the most comprehensive dataset to date, to reexamine the relationship between vertical fiscal imbalances and the accumulation of general government debt over time and across countries. Controlling for several potential determinants of the accumulation of debt across a wide variety of specifications, the results are quite robust and point to the relevance of vertical fiscal imbalances in explaining the accumulation of general government debt. In particular, our findings suggest that higher vertical fiscal imbalances lead to increased government debt. The robustness of these results along with their consistency with past results provides additional evidence that there exists a relationship between how subnational governments finance their expenditures and the performance of the general government.
These results call for a degree of caution when promoting fiscal decentralization. While decentralization has been shown to have many benefits, our findings suggest that the devil may be in the detail. Where increases in subnational expenditures are financed by sources outside of the subnational government, this imbalanced decentralization will generally lead to a decrease in fiscal performance (increased debt/deficit). In this respect, vertical fiscal imbalances should be considered in the design and implementation of fiscal decentralization strategies with specific explicit or implicit measures in place to ensure efficient and responsible subnational governance.
Introduction
Over the past two decades fiscal decentralization has become an area of increased interest for both policymakers and academics. The idea of devolving authority and decision-making power to lower tiers of government has been put into practice on both sides of the Atlantic; in Europe it is explicit in the Maastricht Treaty and is referred to as the "principle of subsidiarity" 1 , whereas in the U.S.
there has been a long standing implicit aversion to the one-size-fits-all approach of highly centralized governments (Oates (1999) ).
As a counterpart and consequence of these theoretical and empirical contributions international institutions have endorsed fiscal decentralization, with the chief goal of achieving a more efficient fiscal balance between central and sub-national governments (see for instance World Bank (2000) , OECD or UN, see Stegarescu (2004) ). The rationale behind this endorsement builds on theoretical arguments using the traditional principles of welfare economics as a normative anchor.
There are several channels through which vertical fiscal imbalances can impact fiscal performance, many of which act through increased deficit and its subsequent impact on government debt 2 . For example, vertical fiscal imbalances are an important potential indicator of soft subnational budget constraints (Rodden et al. (2003) , Kornai et al. (2003) , Crivelli et al. (2010) ). Distorted incentives may arise in the context of soft budget constraints at the subnational level, potentially forcing the central government to increase transfers and incur into debt in the process (see Rodden et al. (2003) ). Investors' perception of soft budget constraints may lead to higher sovereign risk, thereby increasing interest payments and the total deficit. High reliance on transfers (i.e. high vertical fiscal imbalances) by subnational governments can also lead to overspending and/or a lack of proper commitment to tax collection by such governments (Velasco (1999) ). If the vertical imbalance is financed by subnational borrowing, there are also potential impacts on the cost of central government borrowing through a crowding-out effect. Furthermore, if subnational governments face insolvency, the central government balance sheet could end up suffering from the realization of explicit or implicit guarantees creating further fiscal risks (IMF (2009)).
The mismatch between revenue and expenditure decentralization is nonetheless not necessarily bad. Some degree of imbalance is in fact inevitable. As noted by Dziobek et al. (2011) , the observed pattern of decentralization points to the fact that many administratively complex tax instruments are more efficiently collected at the national level. Rather than being a reflection of negative intergovernmental dynamics, vertical imbalances may be a manifestation of an administrative efficiency approach to tax collection and optimal public finance structures. Additionally, in a context where general government fiscal consolidation efforts are seen as critical, a high degree of taxing autonomy by subnational authorities may undermine any efforts undertaken by the central governments (Eyraud and Lusinyan (2013) ). Furthermore, intergovernmental grants are an important tool in fiscal federalism that can have at least three important potential roles, namely the internalization of spillovers benefits across jurisdictions, fiscal equalization and an improved overall tax system (Oates (1999) ). The ultimate effect of fiscal indiscipline at the subnational level could be an increase in general government debt, which has become a major cause of concern in many countries in the aftermath of the recent crisis.
Using a globally representative panel of countries based on the IMF's Government Finance Statistics Yearbook, this paper builds a comprehensive and unique database on vertical fiscal imbalances to examine the relationship between the accumulation of general government debt and vertical fiscal imbalances for a larger sample of countries than has been used in past empirical work.
The remainder of the paper is structured as follows: in section 2 we briefly review the literature on vertical fiscal imbalances and fiscal performance; section 3 discusses theoretical and measurement issues on vertical fiscal imbalances; section 4 presents and discusses the data, which is then used in the empirical analysis of section 5; finally section 6 concludes.
Review of the Literature
The first generation of fiscal decentralization literature traces its origins to the seminal contribution by Oates (1972) , who argued that goods and services provided in a decentralized manner will be better tailored to meet the needs of those affected by such expenditures 3 . Furthermore, where households have full mobility, they are able to "vote with their feet" by relocating to jurisdictions that provide the type and quantity of public goods that better fit their preferences, increasing the potential benefits from fiscal decentralization (Tiebout (1956) ). A second argument in favor of fiscal decentralization builds on the view put forward by Brennan and Buchanan (1980) , normally referred to as the "Leviathan hypothesis". According to this approach, decentralization is viewed as a mechanism that can help constrain the size of the public sector and provide incentives for the efficient provision of public services. Competition between different levels of government at the decentralized level can curtail the ability of non-benevolent ("Leviathan") governments to overtax their citizens, resulting in social welfare gains.
As noted by Oates (2006) there are also good reasons for the existence of potentially detrimental effects of fiscal decentralization (see also Rodden et al. (2003) ). For example, the existence of soft budget constraints at the sub-national government level may create incentives for governments to operate in an irresponsible manner under the expectation that the central government will come to the rescue should an adverse fiscal outcome materialize 4 . The failure of subnational governments, in this case, to fully internalize the cost of their expenditure will result in larger subnational deficits and debt along with increased fiscal risk for the central government through implicit/explicit guarantees. Since the seminal contributions to the theory of fiscal federalism by Tiebout (1956) , Musgrave (1959) and Oates (1972) , there has been a keen interest in the empirical relationship between fiscal decentralization and a variety of measures of economic performance. The arrival of the "second generation" of fiscal federalism (Brennan and Buchanan (1980) ) provided further insights on the relationship between size of government and economic performance, following the Leviathan hypothesis. Oates (1985) , Marlow (1988) and Jin and Zou (2002) among others investigate this issue, with mixed results.
Closely related is the literature that looks at fiscal decentralization and its effect on fiscal balances. A driving concern of this literature is the question of whether fiscal decentralization can lead to coordination problems between different levels of government, generating a deficit bias in fiscal policy-making. De Mello (2000) finds evidence of such deficit bias arising from fiscal decentralization in a sample of 30 countries. This effect is found to be stronger for developing countries. Filgueira et al. (2002) find evidence linking decentralization to higher deficits for the case of Uruguay, whereas Freitag and Vatter (2008) find the link to be operational in Switzerland only in times of crisis.
Narrowing the focus to vertical fiscal imbalances 5 , Rodden et al. (2003) present several case studies investigating vertical fiscal imbalances and soft budget constraints. Karpowicz (2012) looks at four European episodes of narrowing vertical fiscal imbalances and concludes that such reduction was achieved mostly through a progressive devolution of revenues to subnational governments. Rodden (2002) finds that large and persistent aggregate deficits occur when subnational levels of government are highly dependent on intergovernmental transfers while simultaneously enjoying high borrowing autonomy. Crivelli et al. (2010) look at the effect of vertical fiscal imbalances on subnational health spending. In particular, they are interested in the interaction between vertical fiscal imbalances and high borrowing autonomy, which they see as indicative of a soft budget 4 For an interesting application of soft budget constraints to subnational health spending in OECD countries see Crivelli et al. (2010) . Wildasin (1997 Wildasin ( , 2004 ) presents a theoretical approach to soft budget constraints and vertical fiscal relations based on game-theoretic concepts.
5 Or the intimately related measure of transfer dependency, see section 3 below for more details.
constraint. Their findings suggest that countries with higher vertical fiscal imbalances (measured as transfer dependency) where subnational governments enjoy higher borrowing autonomy are more likely to have higher healthcare spending than those with more restrictions on borrowing for lower tiers of government. Our paper is most closely related to past work by Eyraud and Lusinyan (2013) and Baskaran (2010) . The former looks at the effect that vertical fiscal imbalances have on fiscal performance and introduce a new way of calculating vfi (see section 3 below). Using a panel of OECD countries, they find consistent support across a range of specifications for the hypothesis that higher vfi are associated with deteriorations in the primary balance of the general government. Their findings suggest that, on average, for each 10 percentage point decrease in vertical fiscal imbalances, the general government fiscal balance improves by 1 percent of GDP. Baskaran (2010) explores the effect of fiscal decentralization and transfer dependency on general government net debt using a panel of 17 OECD countries. His findings suggest a positive effect of expenditure decentralization on the reduction of government indebtedness. On the other hand, he does not find any evidence of revenue decentralization or transfer dependency being relevant in explaining changes in net government debt.
Vertical Fiscal Imbalances: Theory and Measurement
Fiscal decentralization is a multidimensional phenomenon which is not easily summarized in a single indicator (see Dziobek et al. (2011) ). It can take place on the expenditure side or the revenue side, with the former being more popular in past empirical analyses. Empirical evidence has shown that the decentralization of expenditure does not always correlate with decentralization in revenue, creating "vertical fiscal imbalances". Vertical fiscal imbalances attempt to measure the extent to which subnational governments' own expenditures are financed through own revenues rather than transfers from the central government or borrowing by subnational governments 6 .
No consensus exists regarding the accurate measurement of vertical fiscal imbalances. The concept has its origins in the literature on fiscal federalism, where it was originally identified as "transfer dependency" (see Ruggeri and Howard (2001) , Boadway and Tremblay (2005) and Oates (2006) ). For this reason, most of the literature proxies vertical fiscal imbalances with transfer dependency (transfers received by the subnational governments as a share to their total revenues -or spending-, sometimes also referred to as "grant share"). In practice, this strikes a reasonable balance between theory and measurement -at the heart of any definition of vertical fiscal imbalances is a mismatch between the spending and taxing capabilities of subnational governments vis-a-vis central governments. Transfer dependency and related measures make this idea operationalizable and straighforward to interpret. However, in most cases this measure neglects the alternative option of subnational borrowing as a means to finance expenditures. Incorporating this element is important because it constitutes a relevant way of action in the choice set of subnational governements. Furthermore, as the next section will show, incorporating subnational government borrowing is important in accounting for the dynamics of vertical fiscal imbalances.
In light of this, our approach follows that of Eyraud and Lusinyan (2013) , who construct a modified measure of vertical imbalances building on transfer dependency but going beyond it by incorporating subnational government borrowing. Denoting r own and s own as subnational government own revenue and spending (with r and s representing total revenues and spending by subnational governments, and R and S as revenues and spending by the general government), t (+) and t (−) as transfers received and paid, respectively, by the subnational government 7 , and, b as net borrowing by the subnational government; then vertical fiscal imbalances (vfi) can be defined as:
Furthermore, following Eyraud and Lusinyan (2013) ,
Equation 1 can be re-written as:
This measure of vfi goes beyond 'transfer dependency' (which is given by the first element in the right hand side, 
where B is the general government deficit as a share of spending.
An Overview of the Data

Vertical Fiscal Imbalances
Computing cross-nationally comparable vertical fiscal imbalances (as outlined above) requires data which breaks down general government into its subsectors. To build such measures, we rely extensively on the IMF's Government Finance Statistics Yearbook (GFSY ) database, which in its current version is based on the Government Finance Statistics Manual 2001 (GFSM 2001) , itself based on the international "gold standard" of macroeconomic accounting, the System of National Accounts 2008 (SNA 2008) . In this regard and despite some shortcomings, GFSY represents the state of the art in government finance accounting statistics. GFSY is a unique global dataset providing detailed public finance data which is constructed following internationally recognized methodological standards allowing for comparability across countries and over time. The quality of reporting differs across countries (i.e. advanced countries typically have more developed statistical systems) and this has an undeniable impact on comparability, though this problem is not an exclusive feature of GFSY. While full cross-country homogeneity in reporting is a long term goal rather than a reality, comparability between countries using this dataset is "as good as it gets" when it comes to government finance statistics. On the other hand, comparability over time within countries presents a hurdle which in our case in not relevant. GFSM 2001 introduced accrual reporting in addition to cash statements, and an increasing number of countries is switching to accrual reporting. Since the measures we derive from the dataset are ratios between contemporaneous magnitudes, this problem is largely irrelevant when we merge the accrual and cash data 9 . For an overview of the dataset, its methodological aspects, weaknesses and strengths we refer to Seiferling (2013a) . Regarding the measurement of transfers, a remark is in order. Transfers in the GFSM framework are recorded as "to/from other levels of government", without specifying if the recipient/sender is a local, state or central government. In many countries this distinction is inconsequential, but in cases where three subsectors of general government exist (central, local and state), these transfers may in fact be cross sub-national (i.e. transfers from a local to a state government or vice-versa). For such cases, under the GFSM framework we could potentially be attributing transfers payed to/received from the central government when in fact they take place across subnational levels of government. For this reason, we explicitly identified the countries where this might be an issue and compared the computed vfi data with those from Eyraud and Lusinyan (2013) , which are based on OECD data that explicitly identify transfer recipients at both national and sub-national levels. This exercise led to the replacement of the vfi series for the U.S. and Belgium (the latter only for the period up to 1995) with OECD rather than GFS data 10 . Table A1 presents the list of countries for which we built series of vertical fiscal imbalances. The sample size varies between countries based on data availability. In particular, we establish a cut-off and work only with those countries that have at least 10 consecutive years of data. This results in a total of 47 countries. The last year available is 2011, and 36 out of the 47 countries have full series starting in 1995
11 . This is a substantial improvement relative to previous studies 12 .
Relative to Eyraud and Lusinyan (2013) , the sample size is significantly larger, giving our empirical framework greater robustness outside of a somewhat homogenous sample of OECD countries (485 vs 1194 observations). Enlarging the sample to include non-OECD countries does not alter the main features of the data: the means are remarkably similar, with a mean vfi in Eyraud and Lusinyan's sample of 40.1, and a mean vfi of 40.5 for in our sample. Standard deviation is also in line with recent studies. Source: Own calculations based on GFSY; complemented with OECD (see Table A1 ). Calculated with all available observations.
A closer look at these aggregate measures shows substantial heterogeneity both over time and across countries. Heterogeneity over time is better captured in Figure 1 , which shows average vfi for different (constant) samples of countries. Average vertical fiscal imbalances have remained within a relatively narrow band, between 35 and 45 percent. Prior to the financial crisis, there seems to be a general downward trend in vfi, temporarily interrupted at the beginning of the 1990s. The financial crisis of 2007/2008 generated a notable increase in average vfi. Though it is probably too early to tell whether such a phenomenon implies a permanent change, it points to an interesting research question for the future: do crises increase fiscal centralization? The underlying data does show a correlation between macroeconomic distress and fiscal centralization, however, a more systematic analysis is needed, which we leave as an interesting area for future research. Figure 2 shows two country examples for the evolution of vertical fiscal imbalances. In the left panel is Belgium, which experienced two major swings in the sample. The first one was a large-scale expenditure decentralization undertaken in 1988-1989, which gave spending responsibilities on education to communities, and regional development and investment to regions. These reforms also involved revenue devolution to subnational governments, but the latter was outpaced by the decentralization in expenditures, resulting in a notable increase in vertical fiscal imbalances (Karpowicz (2012) ). The second important shift occurred in 2001 after a reform referred to as the "Lambermont Agreement", which sought the devolution of revenue-raising powers to subnational governments and resulted in a reduction of vertical fiscal imbalances (Blöchliger and Vammalle (2012) and Karpowicz (2012)) 13 .
The right panel corresponds to the United Kingdom, which in 1990 attempted to introduce a poll tax and managed to achieve a substantial centralization of local business taxes and an overhaul of central government grants (Bayoumi (1991) ). This resulted in a sharp increase of vertical fiscal imbalances. Year Note: For Belgium, pre-1995 data from OECD penditure and revenue decentralization. As noted earlier, the former shows an upward trend in the last couple of decades, while for the latter the tendency is less clear. Furthermore, there is a difference in levels between the two types of decentralization. Figure 4 illustrates the diversity of vertical fiscal imbalances across countries. The left panel shows a longer time span for a sample of 19 countries, while the right panel increases country coverage at the expense of a reduced number of years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . In both cases the overall sample average (longdash line) is very close to 40%, as already indicated in Table 1 . The average vfi ranges from 14% in Germany to 73% in the Netherlands in the left panel, and from 13% in Iceland to 81% in Peru in the right panel. The position of countries within the range of vfi is very much in line with what would be expected. Federal countries such as Germany, Canada, Switzerland or the United States are located to the left of the charts in the low vertical fiscal imbalance region, whereas countries with a unitary government such as the U.K., Ireland, Peru or the Netherlands are located on the right side of the spectrum. This confirms that federal countries are characterized by a decentralized government, in which lower tiers are not so reliant on transfers from the central government or borrowing; countries characterized by unitary governments, on the other hand, present subnational governments which are more dependent on transfer from the central government. The inclusion of non OECD countries in the analysis does not change this message. That is, the position of countries in the spectrum of Figure 4 is not driven by their being developed or emerging economies, but rather by the nature of their government (federal or unitary) 14 .
Bars in Figure 4 are colored according to a binary indicator of borrowing autonomy for subnational governments, with dark (light) blue indicating that such borrowing is allowed (not allowed) and grey indicating that no information is available. The prohibition to borrow does not seem to be associated with higher or lower levels of vertical fiscal imbalances: we fail to see light or dark blue bars grouped either to the right or the left of the chart. This means that having or not having borrowing autonomy does not guarantee a specific position in the spectrum of vertical fiscal imbalances. Nonetheless, this does not necessarily imply that borrowing autonomy cannot interact with vertical fiscal imbalances in order to affect general government debt. For instance, accounting for an interaction term between borrowing autonomy and vertical fiscal imbalances might render the overall effect of vertical fiscal imbalances on government debt statistically insignificant. In the empirical analysis below we will investigate this issue further 15 . Figure 5 presents the composition of vertical fiscal imbalances for the two subsamples of Figure 4 . Transfers represent the bulk of vertical fiscal imbalances in most countries. But, echoing the argument put forward by Eyraud and Lusinyan (2013) , subnational borrowing is relevant when it comes to explaining changes in vertical fiscal imbalances. While on average subnational borrowing does not account for much of vertical fiscal imbalances, given its relatively high variability, it is important in explaining changes in vertical fiscal imbalances through time (as shown in Figure 6) . Hence, subnational borrowing should be taken into account in regression analysis when trying to assess the effect of changes in vertical fiscal imbalances. 
Government Debt
The definition and subsequent measurement of public debt comes with significant implications for fiscal health diagnoses (see Dippelsman et al. (2012) ). While an internationally accepted definition of public debt is well established in the Public Sector Debt Statistics Guide, itself harmonized with the state-of-the-art statistical manuals (the System of National Accounts 2008, Balance of Payments and International Investment Position Manual, and Government Finance Statistics Manual 2001 ) , several countries and databases continue to report government debt in a variety ways.
Many countries report data for diverse subsectors of general government. Some countries re-
15 Also see below in this section when we discuss the control variables used in the empirical analysis. 1980-1982, 1995-1997, 2009-2011) port data for budgetary central government while others include social security funds and extra budgetary accounts. Furthermore, debt data for such countries is often compared with data from other countries which include local and state governments. As a result, many cross-country panels compare 'apples and oranges' in specifications attempting to explain government debt dynamics 16 .
In this paper we consider general government as the appropriate institutional level to assess the impact of vertical fiscal imbalances on public debt, since it encompasses all levels of government (consolidated central plus local and state, where applicable)
17 . This comes at a cost of sample size as most countries have historically reported central government data. Focusing on central government debt (or budgetary central government, for that matter) would not fit our needs since we would not be capturing the possibility that subnational governments increase their borrowing in the wake of increased vertical fiscal imbalances, either by their own decision or pushed by central governments. We construct our government debt database using a combination of GFSY and OECD data. 19 See Table A2 for the details of countries and coverage. As is the case for vfi, the evolution of debt varies considerably across countries. One of the consequences of the recent financial crisis has been a dramatic increase in government debt in some of the countries considered. This increase has been particularly acute in those countries which relied heavily on banking systems forcing national authorities to embark on unprecedented recapitalization schemes for banks 20 . This may raise valid concerns regarding the wisdom of including crisis years in the analysis. To tackle this concerns, instead of dropping the crisis years altogether we re-estimate the benchmark model excluding the crisis years as a robustness measure 21 .
Control Variables
General Government Debt is affected by several variables beyond vertical fiscal imbalances. Furthermore, some important determinants of public debt are not captured by standard macroeconomic aggregates and involve instead qualitative assessments of governance and the workings of the political system. Additionally, there are demographic considerations that might help explain differences in debt levels and accumulation across countries 22 . To address these concerns we employ a series of control variables that have been identified in previous studies as potential determinants of public debt and that might be related to vertical fiscal imbalances 23 .
Our main control variables are macroeconomic in nature: central government net lending/ borrowing, real per capita GDP growth, and the real interest rate on long term government bonds. The first of these three variables is directly linked to government debt on an accounting basis and is critical in explaining government debt dynamics. The same applies to real GDP growth, which directly affects the capacity of the economy to deal with the burden of debt and helps to control for business cycle effects 24 . For both control variables the expected sign is negative: an improved fiscal position as measured by the central government deficit should lead to lower debt accumulation, whereas larger economic growth should reduce the debt burden. The real interest rate summarizes two effects that are expected to be relevant in explaining the evolution of debt: the first is the interest rate on long term government bonds, which directly captures the nominal costs 20 The most notable examples are the United Kingdom, Ireland, Iceland, Spain, Portugal and the United States. 21 Additionally, time dummies are included in all regressions. 22 Table A3 summarizes the control variables considered in the analysis. 23 Table A4 presents summary statistics for the control variables. 24 As robustness checks we also considered the unemployment rate as an alternative to real per capita GDP growth in controlling for business cycle effects.
of additional indebtedness; the second is the inflation rate, which can be used to finance deficits via the inflation tax. For this variable we do not have any strong priors regarding the expected sign of the estimated parameter.
We also consider the openness of the economy, measured as the ratio of export plus imports to gross domestic product, in order to account for the effect globalization can have on fiscal outcomes, in particular debt accumulation. Since it might also affect vertical fiscal imbalances through pressures for decentralization, excluding it from the analysis could lead to omitted variable bias (see Sharma (2005) ). While in theory the prior for the sign of the parameter on openness is ambiguous, based on the results in Baskaran (2010) it seems reasonable to expect higher openness to lead to increased levels of indebtedness. This would suggest that more open economies suffer more fiscal instability than closed ones.
On the demographic side we consider total population, which has been found to influence fiscal performance in previous studies (see for example Baskaran (2010) ). As noted by Treisman (2002) countries with a larger population tend to have greater decentralization, hence controlling for population might help in addressing concerns of biased estimates due to omitted variables. Furthermore, considering population as a control variable is a reasonable way of taking country size into consideration without using geographical area, which does not change through time and is hence not appropriate for regressions with fixed effects 25 .
There are political variables that might affect debt accumulation. Some are qualitative in essence and therefore hard to quantify by definition. To account for the effect that political variables might have we rely on the Database of Political Institutions (DPI) compiled by the Development Research Group of the World Bank and presented in Beck et al. (2001) , with subsequent updates. Among the many variables presented in DPI, we focus on a subset that we consider of relevance for our purposes. We use an index of government fragmentation, computed as the sum of the squared seat shares of all parties in the government (higher numbers indicate lower levels of government fragmentation). More fragmented governments might be more prone to suffer common pool problems, thereby affecting debt accumulation through relaxed fiscal discipline. For this indicator, higher scores indicate less fragmentation so a priori we expect a negative sign for the estimated coefficient.
Purely political factors can influence the interplay between subnational and central governments and at the same time affect public debt. The DPI database presents variables related to the political cycle at the executive and legislative level. For instance, there are dummy variables indicating whether executive or legislative elections were held in any given year. Most importantly, the database presents a variable indicating the years left in the current term. Proximity to the end of the current term can affect the relationship between levels of government. For instance, more power could be given to subnational governments in exchange for crucial support in upcoming elections, or the amount distributed in transfers can be increased for similar purposes. Arguably, such shortsightedness can also affect the level of debt the public sector chooses to have. That said, there are no clear-cut reasons to expect the parameter to be either positive or negative.
One might argue that vertical fiscal imbalances have their origin in restrictions, legal or otherwise, which hamper the ability of sub-national levels of government to tax or spend. For this reason in regressions with interaction terms we use a variable that measures whether sub-national governments have authority over taxing, spending and/or legislating. This variable, also taken from the DPI database, assigns a 1 whenever one of the three alternatives is satisfied and zero otherwise.
A potentially important factor that can interact with vertical fiscal imbalances in a relevant way is the autonomy enjoyed by subnational governments when it comes to borrowing 26 . To incorporate borrowing autonomy into the analysis we use four measures. The first two borrowed from Crivelli et al. (2010) and last two from the World Bank. Crivelli et al. (2010) construct a composite indicator that measures six components of borrowing regulations, namely: domestic borrowing prohibition, international borrowing prohibition, limits on government debt, limits on debt service, limits on borrowing for specific purposes and requirement of prior approval from higher levels of government. The composite indicator takes into account how many of these conditions hold and it ranges from 0 (no borrowing autonomy) to 100 (complete borrowing autonomy) 27 . We also follow Crivelli and co-authors and build a dummy variable that accounts for high levels of borrowing autonomy, by assigning a 1 whenever the composite index is higher than 75 and 0 otherwise. From the World Bank we take two indicators of borrowing autonomy, coming from the Database on Regulatory Framework for Subnational Borrowing. The first of the two indicators is a dummy variable taking the value of 1 whenever subnational government borrowing is allowed and 0 when such borrowing is prohibited. This indicator was already used in Figure 4 above. The second is a composite index on regulatory framework for subnational borrowing, with values ranging from 20 (borrowing not permitted) to 100 (market discipline). All these borrowing autonomy indicators are to be used in interaction terms since they do not vary through time for a given country and therefore cannot be used as independent variables in fixed effects regressions. It is nonetheless intuitive that such indicators play a more significant role when interacted with, for example, high values of vertical fiscal imbalances.
We make use of the World Governance Indicators (WGI) database from the World Bank in order to control for the effect the rule of law in any given country might have on debt accumulation. It is to be expected that countries with better scores in terms of governance will have a smaller level of 26 We saw above that borrowing autonomy by subnational governments does not seem to be associated with higher or lower vertical fiscal imbalances. In the empirical analysis that follows we want to interact borrowing autonomy with vertical fiscal imbalances via multiplicative terms to see whether the overall effect of vertical fiscal imbalances on government debt is significantly affected.
27 For details see Crivelli et al. (2010) .
debt, other things equal. One drawback of this data is its length, which results in a substantially shorter sample for analysis. Finally, we include in the set of control variables the Regional Authority Index of Hooghe et al. (2010) . This index measures regional authority along eight dimensions, namely institutional depth, policy scope, fiscal autonomy, representation, law making, executive control, fiscal control and constitutional reform. Yearly scores for each of these are put together in the overall index for regions and tiers of government and then aggregated at the country level. The drawback of this dataset is that, in its current vintage, it runs only up to 2006.
Empirical Analysis
Given conflicting theoretical arguments, we do not have strong a-priori expectations regarding the relationship between vfi and government debt. Based on empirical evidence linking vertical fiscal imbalances and governments' primary balances, it seems reasonable to expect a positive relationship where an increase of vertical fiscal imbalance leads to government gross debt accumulation. Preliminary evidence is given in Figure 7 which shows the two-way relationship between vertical fiscal imbalances and general government gross debt: 
Fitted values General Government Debt (% of GDP)
Source: Own calculations based on GFSY and OECD. All countries (where available, see Table A1 and Table A2) The unconditional plots suggest a positive relationship between vertical fiscal imbalances and government debt, as expected. Furthermore, excluding the recent crisis does not seem to affect the relationship. In order to arrive to solid conclusions this needs to be validated with a more complete statistical analysis. When attempting the econometric analysis, some important considerations need to be addressed 28 .
Our dependent variable, general government debt as a percentage of GDP, shows a high degree of persistence suggesting the possibility of a first order stationary process. We conducted the Im, Pesaran and Shin panel unit root test (see Im et al. (2003) ) for three different balanced subsamples. The results, shown in Table 3 , indeed point to the non-stationarity of the level series and stationarity of the first differenced series 29 . Hence we use the first difference of government debt as a percentage of GDP as left-hand side variable, which also enables us to analyze the effects of vertical fiscal imbalances on the accumulation of government debt. While the rationale for first differencing the government debt series seems straightforward, first differencing vertical fiscal imbalances and other covariates seems an indefensible strategy 30 . Table A5 presents IPS unit root tests for the main regressors considered in the analysis, pointing to their stationarity in levels, ruling out the possibility of estimating the full model in first differences as done for example by Baskaran (2010) . Another implication of Table 3 and Table A5 is that cointegrating relationships between the dependent variable and the regressors are out of the question, precluding the use of estimators for non-stationary heterogeneous panels with large country and time dimension such as the mean-group or pooled mean-group estimators 31 .
We work with an unbalanced panel with a large T dimension relative to the number of countries (the N dimension of the panel). The number of countries is not necessarily small, but it is smaller than the T dimension, unless we deliberately decide to conduct the analysis starting in 1990 or 1995. For this reason, the dynamic panel bias that estimators such as difference or system GMM were aimed to address is not much of a problem in our case; but, as we saw above, estimating a dynamic 28 Due to lack of data on general government debt we are not able to fully utilize the expanded dataset on vertical fiscal imbalances for the empirical analysis. This caveat notwithstanding, the regressions presented below involve a considerably larger number of observations relative to previous studies, through a combination of some more countries and much more years.
29 Analogous evidence is gathered from the Fisher panel unit root test, though we do not report it here. For a review of panel unit root tests see Breitung and Pesaran (2005) .
30 Additionally, a significant amount of information is lost by first differencing all series. 31 When trying regressions with these estimators, we cannot say with statistical certainty that the coefficient on lagged government debt is different from 1, again suggesting that first differencing the series is the best strategy. model does not seem to be a good empirical strategy. Therefore, intuitive and popular choices like the Arellano-Bond and Blundell-Bond/Arellano-Bover estimators do not seem appropriate for our analysis.
The main specification that we test is given by the following equation:
where i and t denote countries and years (i = 1, ..., N ; t = 1, ..., T ), ∆d it is the first difference of general government gross debt as a percentage of GDP, vf i it stands for the vertical fiscal imbalance of country i in year t as defined in section 3, xdec it is expenditure decentralization of country i in year t , X it is a vector of control variables, α i are country-specific fixed effects, θ t represent time dummies, and ε it is a country-and year-specific error term. In our main specification X it is composed of the lag of central government net lending/borrowing (i.e. surplus/deficit) as a percentage of GDP, the lag of real per capita GDP growth, and the lag of the real interest rate 32 33 . We also include expenditure decentralization since we want to assess the effect of vertical fiscal imbalances on the accumulation of government debt controlling for a given level of expenditure decentralization. Following Eyraud and Lusinyan (2013) , revenue decentralization is not included in the regression specification since the ceteris paribus condition under which one interprets the estimated coefficients would generate at least two important problems: first, when both revenue and expenditure decentralization are held constant there exists a direct accounting relationship linking fiscal performance (as captured by net lending/borrowing) to vertical fiscal imbalances, thereby generating a problem of multicollinearity and potentially capturing artificial relationships between the variables of interest; second, the ceteris paribus interpretation of coefficients is questionable when all variables are included since the accounting relationship implies that this cannot be the case.
Additional specifications include other regressors, as we will see below. Furthermore, we also entertain the possibility that some factors interact with vertical fiscal imbalances in a meaningful way. Our interest lies mostly in the statistical and economic significance of β, the coefficient on vertical fiscal imbalances 34 . Table A6 presents model diagnostics and specification tests for the estimation of equation (6) in its benchmark specification (i.e. including vertical fiscal imbalances, expenditure dencentralization, central government deficit, real per capita GDP growth and the real interest rate). Autocorrelation, group heteroskedasticity and cross sectional dependence in the residuals are detected, whereas there 32 In addition to the fiscal balance, debt dynamics might also be affected by stock-flow adjustments. Seiferling (2013b) shows that properly measured stock-flow residuals are in many cases not statistically different from zero. Hence we choose to leave them out of the analysis. 33 We use lags of these control variables in order to avoid potential endogeneity issues, given the link between them and government debt through accounting relationships.
34 In the regressions with interaction terms the focus of interest will in turn be the combined effect of vertical fiscal imbalances, that is, the direct effect plus the effect of the interaction term.
is no evidence for a muticollinearity problem. For these reasons we perform our analysis using panel fixed effects estimation with robust standard errors clustered at the country level. Table 4 presents the results for the main regressions. Country coverage ranges from 28 to 30 depending on the parsimony of the specification, while the total number of observations is usually in the neighborhood of 600 (the exception being the regression including rule of law). Overall, this marks a substantial increase in the observations used for analysis relative to previous studies. Note: Fixed effects estimation with robust standard errors clustered at the country level.
Time dummies included in all regression but not reported. t-values in parenthesis. *, **, *** denote significance at the 10, 5 and 1 percent level respectively.
In addition to vertical fiscal imbalances and expenditure decentralization, our benchmark regression -number (2) -includes lagged central government net lending/borrowing as a share of GDP, lagged real per capita GDP growth and lagged real interest rate on long term government bonds. All coefficients present the expected signs. An improved fiscal position leads to a reduction in public debt, whereas the same happens in case of higher economic growth. A higher real interest rate, on the other hand, leads to increased government debt. We take this as evidence that higher interest rates increase the repayments costs of the existing stock of debt and this effect dominates other potential countervailing effects 35 .
Most importantly, the coefficient on vertical fiscal imbalances is consistently positive and sta-35 For instance, one may expect that a higher interest rate would make debt financing a less appealing option.
tistically significant at standard confidence levels 36 . The coefficient on vertical fiscal imbalances in this regression implies that a 10 percentage point increase in vfi 37 translates into an increase of 0.78 percentage point in the change in general government gross debt as a percentage of GDP . The direction and magnitude of this effect is very close to that obtained in Eyraud and Lusinyan (2013) , who found that a 10 percentage point increase in vfi would lead to a 1 percentage point increase in government deficits. Including additional regressors (models (3)- (7)) does not affect dramatically the size and statistical significance of the coefficient of interest in our benchmark model (2). The coefficient on vertical fiscal imbalances is notably stable across specifications, giving supporting evidence to the hypothesis that higher vertical fiscal imbalances are statistically and economically significant in explaining higher general government debt to GDP.
The coefficient on openness (models (3) and (7)) turns out to be negative and statistically significant, implying that more open economies tend to accumulate less debt, a result that runs counter to the one presented in Baskaran (2010) . Higher population (models (4) and (7)) positively affects the accumulation of debt, as expected 38 . On the other hand, more distance to the next election tends to be associated with higher debt accumulation, though the results are insignificant in model (5) and significant at the 10% level in model (7). This could be explained by the fact that recently elected governments enjoy more political capital in order to undertake debt financing. Table 5 presents the results of our benchmark regression with multiplicative terms, with vertical fiscal imbalances being interacted with several variables. It should be noted that the overall effect of vertical fiscal imbalances on government debt should be gauged in this case by the combined effect which takes into account the direct effect plus that stemming from the interaction term. This is shown in Table 5 in bold fonts and is calculated by using the coefficient on vfi, plus the coefficient of the interaction term evaluated at the mean of the variable with which vfi is being interacted.
The overall effect of vertical fiscal imbalances on the accumulation of government debt remains largely unchanged when we include multiplicative terms in the regression specification. Exceptions are the regressions including interactions with subnational authority to tax/spend, the measure of government fragmentation and the indicator of high borrowing autonomy 39 . The interaction term with government fragmentation is statistically significant at the 10% level and shows a non-36 The exception is the regression including the rule of law. In this regression the coefficient is lower and it becomes statistically insignificant at the 10% confidence level (something similar occurs in Eyraud and Lusinyan (2013) ). Rule of law is available from 1995 onwards and with missing data that we interpolate (see the note to Table A3 ), so the results from column (6) need to be taken with a grain of salt.
37 To give an idea of this change, in terms of the left panel in Figure 4 , it would imply moving from the United States to Finland.
38 We also used the dependency ratio as a regressor instead of population, since the former might have more relation to spending pressures. Since it turned out to be statistically insignificant without affecting the size and significance of the coefficient on vertical fiscal imbalances, we do not report the results here.
39 We included interaction terms with all measures of borrowing autonomy discussed above. The results mimic those of model (6) in Table 5 and for the sake of space are not reported here. *, **, *** denote significance at the 10, 5 and 1 percent level respectively. For details on variables see Table A3 . "Combined Effect VFI" computes the total effect of VFI considering also interaction terms. The combined effect is equal to the coefficient on VFI plus the interaction term coefficient at the average of the interacted variable.
negligible negative value, in line with expectations, suggesting that vertical fiscal imbalances in the context of less fragmented governments leads to a reduction in government debt. In any case, for this model the overall effect of vfi is insignificant. The effect of vertical fiscal imbalances on government debt is strengthened in those countries that present a high level of expenditure decentralization (model (1)) and particularly in those countries which score high on the regional authority index (model (2)). This tends to be the case for federal countries, where the autonomy enjoyed by subnational levels of government is relatively high. When there are many years left in office for the current government, vertical fiscal imbalances also show a slightly stronger effect on the accumulation of government debt (relative to the benchmark regression in Table 4 ).
As an alternative to real per capita GDP growth as a control for business-cycle effects we also used the the unemployment rate. Vertical fiscal imbalances remain statistically significant across most of the specifications at the 10% level, though the coefficient is reduced from 0.07 to 0.06. The alternative variable used to control for the business cycle remains significant across specifications.
Excluding the recent crisis from the analysis does not affect the main conclusions: the coefficient on vfi continues to be statistically significant across specifications, with an average value of 0.07. The main difference with the full sample estimations is that central government deficit becomes statistically insignificant when excluding the crisis years. We also included sequentially the dependency ratio and school-age population and conclusions remained unaltered.
As a final robustness test, we explore the potential for reverse causality between government debt and vertical fiscal imbalances in the context of our model. Our approach has been to include vertical fiscal imbalances as a right-hand side variable in order to assess its impact on the accumulation of government debt, controlling for other relevant covariates. Yet it is possible to argue, in particular in times of crisis, that causality between vertical fiscal imbalances and government debt runs both ways 40 . To address concerns that our main results might be biased due to potential endogeneity issues, in Table 6 we present the results from instrumental variable regressions. A good instrument should be correlated with vertical fiscal imbalances and indirectly related to general government debt 41 . In the models presented below, vertical fiscal imbalances are instrumented by their own lag, the share of population above 65 years and a measure of fiscal autonomy taken from the Regional Authority Index developed by Hooghe et al. (2010) 42 . The lag of vertical fiscal imbalances is related to the current value of vertical fiscal imbalances due to some persistence in the series, and at the same time is uncorrelated with the error term. Using the lag of the vari-
40
The literature on the determinants of fiscal decentralization found no evidence of reverse causality between decentralization and fiscal performance (see Treisman (2006) or Panizza (1999) among others). For this reason and in order to keep the instrumental variable analysis simple we do not instrument for expenditure decentralization.
41 Additionally, since our first stage regression uses fixed effects, the instrument should be time-varying. 42 Other variables which have the potential to be reasonable instruments (such as the school-age population and the dependency ratio) were used in IV regressions but turned out to be poor instruments. Table 6 presents the most robust specifications. *, **, *** denote significance at the 10, 5 and 1 % level (resp.) For details on variables see Table A1 , Table A2 and Table A3 .
able to be instrumented is a standard approach in macroeconomic applications using instrumental variables. The share of population above 65 years of age is also arguably related to vertical fiscal imbalances to the extent that several health care expenditures and other expenses related to elderly citizens are given to subnational levels of government. The fiscal autonomy indicator measures the extent to which subnational levels of government can independently tax their citizens. As noted by Eyraud and Lusinyan (2013) , this indicator reduces the need for transfers and borrowing without being directly linked to government debt. The search for instruments is never an easy task and is particularly hard in macroeconomic analyses. Hence we take the results of Table 6 as a complement rather than a substitute to the results presented in Table 4 . The second stage regressions show that vertical fiscal imbalances remain statistically significant and with a parameter estimate in line with previous results. Furthermore, the tests for the relevance of instruments and for overidentifying restrictions provide re-assuring evidence that instruments fulfil the necessary conditions 43 . We conclude that endogeneity does not seem to be a relevant issue in our sample.
Concluding remarks
The effects of fiscal decentralization on fiscal performance have attracted the attention of an increasing number of researchers and policy makers over the past two decades. In practice, there has also been a general move towards greater decentralization with the goal of improving the efficiency of the entire general government. In this paper we examine decentralization from a multidimensional viewpoint in recognition of the varying subnational imbalances between the expenditure and revenue sides. Past research into fiscal performance and vertical fiscal imbalances has found evidence that greater imbalances are likely to produce negative effects for government deficits for a sample of OECD countries. We build on these findings using the most comprehensive dataset to date, to re-examine the relationship between vertical fiscal imbalances and the accumulation of general government debt over time and across countries. Controlling for several potential determinants of the accumulation of debt across a wide variety of specifications, the results are quite robust and point to the relevance of vertical fiscal imbalances in explaining the accumulation of general government debt. In particular, our findings suggest that higher vertical fiscal imbalances lead to increased government debt. The robustness of these results along with their consistency with past results provides additional evidence that there exists a relationship between how subnational governments finance their expenditures and the performance of the general government. These results call for a degree of caution when promoting fiscal decentralization. While decentralization has been shown to have many benefits our findings suggest that the devil may be in the detail. Where increases in subnational expenditures are financed by sources outside of the subnational government, this imbalanced decentralization will generally lead to a decrease in fiscal performance (increased debt/deficit). In this respect, vertical fiscal imbalances should be considered in the design and implementation of fiscal decentralization strategies with specific explicit or implicit measures in place to ensure efficient and responsible subnational governance. 
